Abstract. Characterization of poly(phenylacetylene) (PPA) samples produced using Rh(I) complexes featuring hemi-labile phosphine ligands by size exclusion chromatography, multi-angle light scattering, (SEC-MALS), or asymmetric field flow fractionation (A4F)-MALS has revealed that some of these PPA samples contain a mixture of linear and branched polymer. The occurrence and extent of branching is dependent on both catalyst structure and polymerization conditions. The levels of branching are consistent with either terminal branching through copolymerization of macro-monomer or chain transfer to polymer, where the branched species are less reactive towards further polymerization than the linear chains. The MM dependence of B, the number of branches per molecule, or λ, the number of branches per repeat unit, suggests that the latter explanation may be correct but further work is needed.
structure of the acetylene and the reaction conditions. 14 Of particular note, rhodium catalysts are also efficient for the polymerization of monosubstituted acetylenes with formation of highly stereoregular polymers, in some cases in a living manner. 15 Catalysts include cationic rhodium(I) complexes [Rh(cod)(N-N)] + (N-N = bipy, phen), in the presence of a strong base, such as NaOH, 16 Figure 1 ). It should be noted that these conjugated PPA materials interact strongly with the column packing -this was evident from tailing intensity on the light-scattering detectors well beyond the low MM exclusion limit of the column set (three, PLGel Mixed B, 10 µ columns) as well as the increase in MM and r g with elution volume evident at long elution volumes ( Figure 1 ). This interaction can be due to simple enthalpic adsorption, or to anchoring of randomly branched macromolecules in the mesopores; the two effects are difficult to separate. 27 Due to this interaction, the PDI values based on the SEC analyses are not accurate though they do correlate with the breadth of these distributions. As shown in Figure 1 , the light-scattering detector revealed detectable increases in MM on the high MM shoulder of the main peak ( Figure 1a ) and lesser increases in the radius of gyration (r g ) over the same elution volume (Figure 1b complex 6 was envisaged to form via insertion of PA into Rh-H complex 7, formed via reductive elimination of PhC≡C-C≡CPh, where 1 equiv. of this diyne is formed per equiv. of living chain.
As shown in Scheme 1, this would result in the formation of a living chain 6 with either a cis/transvinylene or vinylidene end-group, depending on the initial regiochemistry of PA insertion into Rh-H. In the absence of DMAP which renders this process living, there is much less known about the chain transfer processes with these catalysts due to the high MW of the polymers typically formed;
specifically, the identity of the end groups in the polymer chains, formed via chain transfer, is not known.
Synthesis of sufficiently low MW polymer to conclusively identify end groups in our materials (using e.g. MALDI-TOF mass spectrometry) was precluded by the low initiator efficiency characteristic of these catalysts; 23 even at low monomer to catalyst ratios of 5:1 X n > 500 for these materials. In the 1 H NMR spectrum of some PPA samples prepared using complex 4 (X n ~ 620) we were able to detect olefinic signals at δ 6.08 and 5.74 ppm, both doublets with J = 1.1 Hz, which are assigned to 1,3,5-triphenyl-1,3-cyclohexadienyl groups present at levels of ca. 1.5 mol%. 26 No other (end) groups could be reliably detected. Synthesis of PA oligomers (X n < 15) using TiO 2 supported on silica 33 or using Ni-acetylide complexes 34 has indicated that these materials have vinylidene (CH 2 =CPh-) and acetylene (-C≡CPh) end groups. Depending on the mechanism of initiation (e.g. insertion of PA into Ni-C CR 34 vs. insertion of PA into Ti-H 33 ) and chain transfer (e.g. protonolysis of the chain end by PA to produce CH 2 =CPh-PPA 10 1,3,5-or 1,2,4-triphenylbenzene by-products [33] [34] has also been suggested as a process involved in chain transfer.
Based upon Noyori's mechanistic work, chain transfer to PA (via protonolysis of the chain end 34 or formal oxidative addition, reductive elimination) could involve formation of either vinylene or vinylidene end groups depending on the regiochemistry of PA insertion prior to chain transfer. The problem with this scenario is that it presumes that subsequent PA insertion into Rh-C≡CPh is efficient, a process known to be difficult and/or inefficient in the initiators investigated by Noyori and co-workers.
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A more appealing alternative involves formation of Rh-H complex 7', accompanied by reductive elimination of ene-yne functionality (Scheme 2).
Scheme 2
The macromonomer formed as a result of this process has terminal R 2 C=CH 2 or R-C≡C-R' functionality, which might be susceptible to copolymerization leading to terminal branching. Alternately, the Rh-H complex 7' could react at any interior C=C bond of any macromolecule to form a π-allyl complex. This might propagate further (via the σ-allyl), leading to branch formation. Consistent with either possible process, lower MM PPA prepared using catalyst 5 was partially consumed in a subsequent reaction involving catalyst 1 and additional monomer; the PPA isolated was composed of higher MW polymer than a blend of similar composition, with increases in the extent of branching (see Supporting Information). 
Equation 1
The susceptibility towards branch formation is obviously catalyst dependent. Complexes such as 1 and 5 are known to react with PA to afford complexes in which the hemi-labile ligand is protonated at N (eqn. 1) 23 and thus mono-dentate, whereas those such as 3 can equilibrate between chelated bi-and mono-dentate forms. We do note that catalysts systems devoid of phosphine donor ligands (e.g.
[(nbd)Rh-η 6 -C 6 H 5 - 4 ] under the same conditions. Further work will focus on studying those factors which influence the formation of linear vs.
branched material and elucidating the mechanism of branch formation in these materials.
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